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(hIrICIIt  goals fm ]jla~l~ld  aIId I)IO1)OS(X1 IIlissiolls  (N II;Ali,  MA S’I’II;I{)  call for a ])cwic)d
of orbital o])crnticms  almui  MI asteroid. A  cllallcvlgc  for tllc ~lavigahrs  of tlICSQ satdlitm
is to ])mdic.t tlIc orbi tal  Clivimlilnwlt  about  tllcsc ashc)ids slid to derive pmlnissiml  ]dalls
f o r  t}lc colItml c)f tlIcsc  c)lhits. ‘J’llis ])a])w illvmtigates  tlIc IIlajcn ]Jolturl)atiolls  astcmid
oll)itmm  will cvIccIul  IteI.  over a rallgc d astm oi(l sires , aII(l (lmwibes  tlKI. gc:]lmic ]nc)tio]ls  tlIQ
sa,tdlitc  orbits  will fc)llc)w.

‘1’lIcI  rdc!valIt ])c!ltllll~atic)lls  actill~ olI tlIc satrllitc  at tlIc asteroid  w i l l  l)c: dIIe tc) tllc
irregalal slIaI)c of tlIC bc)dy, solal. radiat)ioll  lJICSSIIIXI  and solar t,idc. l’;acl  I OIIC o f  tlImc
])(~ltllll~atic)lls  will lIavcI diflcw’]lt  ofkts  CHI tllc’ satellite’ ]nc]tic)]l. Ill So]llc’  cases, Orllits  IIlay

I)c dcsiglld  whit.1 Cfltidively  halanm t,lIc fcnccx, Cllal}lillg  a frcwml orbit  dmi~ll.  ‘1’0 ])m])mly
d i scuss  tlIes(’  ml)its,  tlIc! avcmgycl  1 ,agrallgc l’lallc:tary  cquaticnls  am dcwivcxl  fc)r cacll  c)f tlIc
IIlajor ])cltlllllatic)lls. II, is scc:JI  that tllm(’  avuagcd cx]uatimls ])rovidc acculatc qual i ta t ive
])rdictioll  c)f 1,1 Ic GX])WLCXI satdlitc’ IIlotioll. l)xact  so]utioll  of tlICSC  avmagd  cx]uations arc
]~c~ssil~lc’ wl\mI  eit,ller  tile slla])r 0] solar radiatio~l  ])rcssIIIe alolIc  ale ])rmcnlt.  \4711C!lI  hc)tll
am lnc)dclecl,  olIly ]jarticalar  so]utiolls  lIlay  lJCI fou IId.

ITI addition  to l,lIMc: s])mific ])mclictiolls  of IIlc)l,ioll, it is ]Jcwsil)lc  to cllalactcvizc!  tile dy -
llall}ic.al ellvimlilncn]t  about  aslmoids  ac.cordillp;  to tllc’il  s)la]jc. 110111 this clialactcriy,atic  )ll,
OIIC IIIay infer rcgic)~ls  of cwl)ital  stability aIId i~lstal)ility  al)c)ui I,lIC: bc)(ly.  Also, ccrtaill rulc:-
of-tllu])lb  for]]ll]lao  ]nay bc (lmivd  wllicll  ])mvidc  worst c.asc alialysm o f  orljital scclla~ios
al)out astcmic]s witl I ])oorly kllcnvll slla])c  OI size. ‘1’llis  slIa])c cllalac.tc’lizatic)ll  assumm  tllc
astmoid  may bc mocld Nl as a constant  dmlsity  tri-axial  c~lli])soid,  a reasonable Cstilllat,e  fcm
all astc~rc)id slIa])cJ  iII tlIC al~smlcc  of dime.t c)ljsmvatioll.

‘J’lIc  study  c.alriul c)ut ill this ])a])cw is si$llificallt  as it addrcxses tile llc)ll-l<c])lcriall  IIaturc
of satellite oll~its  al)out  astmoicls.  lJOT aIIy ]mtclltial orl)itcr  lnissiml to all asteroid, tlICSC
cflkc.ts  lnust hc scric)us]y cc)llsiclmd  dulillr;  ])rc-fligllt  IIavigatioll  and IIlissioll  ])lallllillg.  ‘J’llis
])a])cr ])lc)vidos  all alialysis  a~ld  mc:l,lIodc)lop;y wllicll  allcnvs for qualitativdy  c.orrcxt  l)rc-flig;llt
l~lallllillg.
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l“ollowiTI$;  am a smics  of ]J1oi,s  wlIiclI gra])l]ically  SIIOW tlIc IaIIgC  of dy]la,lnic.al  dlkct,s
])ossiblc wlImI oll~itillgastclc)jcls  of valious sizes  and ty])(~s. 11’jgure 1 dc])icts  all c)rbjt aljout
all ast,cnojd modcld  as a tli-axial  dli]mojd witl I smrli-majol  axes of 2(I X 7 X 7 kln alId a
dwlsity C)f 3.5 F;/CC. ‘IIIIC  astmc)id  Totat,mal)out  itslalp;cstlllc~lll(:llt ofillmi,ia  with a l)eriod
of 5.27 110111”s. ‘J’IIc o]hit  stalts with all initial radius  of40k]n  (a ollcladii  a l t i t u d e )  and
local circular  vdocity. l’i,gurc  1 dcl)ic.ts  tlIcI evo]utioll  of t,lie  orbit  over 5.4 days, at wllicll
])oillt  I,IIc olljit  c.rasl)os  illio tlic astmoid. ‘J’llis ])]ot i s  ill a  illcrtial rcfc’re]lc.c  frallle. ‘llIIC
])c)ssil)lcexistcllcc’  ofsuc]l  dyllalnics ovma snort  Liltlcs])all  IIlc)tjvatcstllrllcc(l  fora deq)cr
ul]dcmtalldim~ of this ]) 101)1 CIII.
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l’i,gum 1: lllitially  cilcula]  orljjt to craslli]lg o]hit  ill <  6 days

I’01  astcmjds IIIodcld as t]i-axial  clli])soids  it is ])ossil)lc  to idmltify tlIosc astmoids  WIICW
SUCII c.raslli]lg  o]l)its arc likdy. ‘J’llis (Ic>tc]]l)i]latio]l  is a fu?lctjo]l  of  t]lc astcrc)jd  s]la})c, si7,c,
dc]lsity a]ld s])ill Iatc. ‘J’lIc a]lalysjs a l s o  indicates lIow sucJI  o]l)its CaII hc avoidd.
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11’jgum  2 aIId 3 dc])jct mbits  s h o u t  a slllall,  lIeaI l;artll  astmoid,  wlImI solal  Iwessurc
cflkc.ts broom c 1 alge. ‘J’lIc  astmoid  ill this case is assumed s])llrrical  wjt]l  a radius  of 0.4 klil
aIId a dmlsity  of 3.5 g/cc. ‘J]lIQ  ])lots aIr ill all asteloi[l ccl ItcmId  flall}c mtati]lg w i t h  tl}c
astmoid  al)oul,  LIIC suTI. ~’he orbits  ill tlIcse  ])lots  start  at a 5  km ladius,  or al, all al~itudc
of greater tlIaII 11 astmoicl  radii. At tlICSC  (listallcm tlIC Mkcts  of tllc astmoid  slIa])r  011 tlIC
sal,c!]litc  trajc!c.toricx  am slna]l  dat ive to tile solal  ]) ICISSUIC  efkts.

‘J’IIc. olbit il} Y’igulc  ? is in tl~e astmwid oll}ital  ]IlaIIC alId sltcnvs a 1()  day m’ollltioll  of
tile initially circulal  orbit,. Note tllc ra])id clIaIIgc i~l tlIc orl)it, duc to tile sc)lal  ]adiatioll
l)IVSSUIC forci?lg  tile m.ccn)tlicity  towards unity. ‘1’lIc smlli-lrlajol axis (It tlIcI orl)it  Iunai]ls
cc)llstallt  011 avmagy. l]cJtlI  of tlIese  efhts  ca~l he cx])licitly  ])rdic. td ill tmlns  of avuap;d
orl)ital dcmcvltso  Using t)lcsc, th{} tilnc to c.raslI  oIIto  a f ini te  radius  astmoid  for this ty]m
of orbit  lnay bc ])rdictml.
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I’igu m 2: (;ilculal orl~it ill Asteroid orbital l’laTIe



‘J’IIcI.  orbit  ill l’iguw 3 is ill tlIC SUII ]~lallc-of-sky  (aII orl)it w]licll f~ccs tlIC SUII, cmlted
at t,l Ic astmwid).  IN this case, the orbit  is ])m])agatd  100 days as tlIc astmoid  fo l lows  aTI
assu]tlcxl  circular  ])atll al)out I,hc sul I. ‘J’IIC orl)it  tmlds to stay ill the SUII plane-d-sky,  aIId
tlIus i,lIc solaI ladiatioll  pIcmuIc’ forms tile m b i t  to follow  tlIe sulI. ‘J’llis result lIIay he
m])licitly ])mdic.t,d frol II tllc analysis. II, raises illtmwtillg  ])cwsil)ilitics  for rosily IIavigald
orl)its alId lnissio]l  dcsigil.
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l’iIlally,  l’igurc 4 de])ids  tlIc lo]lgitudc  o f  tlIc ascc]ldillg IIodc  of a sai,cllitc’s  orl)it  about
aII asteroid,  I:nodcld  as a tri-axial  cllil)soid  with smlli-axes 265 x 25(I x 220 klil. ‘J IIIC ml)it
is I}olnillally  c.irc.ula]  witl~  a ladius  of 500 k]]] aIId has a 45° illclillatioll  wit,ll  Ies])cct to tlIc
asteroid mtatioll  ])oIc.  Note tlIC laIgcI  Iatc of IIodal  regrc!ssioll , OVCI. 300 ])CI day. ‘J’llis IIodal
rc~rmsiml late lIlay  dso be })mdictwl  using tlIc av(~rap;d  orl)ital elmlc IIts. ‘1 ‘II c mistml cc cd
lIodal lat(w cd~ this sin is a s e r ious  IIlattrr  illld slIould  l)c fidctord  into alIy ]Iavigatioll  aIId
]Ilissio]i  ])la IIs.
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l~igum  4: Satellite orl)it Nodc Al)out l,aIgc  Asi,cmid

III all tlIc al)ovc ])]ots, it is ])ossiblc  to give acc.ulatc analytical  ])rdictioll  of tllcsc I))()-
tio]ls. ‘J’lIc qmtions  alId mc3i,lIods  ud to  do s o  arc dmcril)cd aIId dmivcd  ill tlIcI ])a])cr.
I)UC i,o LIICI mlativdy large ])crtulbatiolls  w~llicll  act 011 tile satcllitcw  ill tlIC asl,eroid cvlvimll-
IIlcllt, 1,1 Ic resulting  motio]l  is sig]lificantly  ]Ic)]l-l{c])lc]iall. ‘J’lIus,  traditional illtuitio]i  lr]ay
]Iot a])~)ly wlII:]I dmig])il)g ]Iavigatio]l  stratcp;icw al)out astcmids. ‘J’IIc  ailn of this ])a])cw is
to ])mvide a IIUTII1)CI  of lmults aIId alIalyscs  wllicll  will allow realistic  ])m~nissioll  ])lallllillg
for astmoid  olbitm missio?ls,
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